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[57] ABSTRACT

An air-fuel ratio detecting system is designed to com-
pensate for the effects of temperature changes on the
output resistance of an air-fuel ratio sensor adapted to
detect the air-fuel ratio of mixture supplied to an engine
from the composition of its exhaust gases so as to vary
its electric resistance in accordance with the air-fuel
ratio. The system further includes a current control
circuit for controlling the current supplied to the air-
fuel ratio sensor, an average voltage detecting circuit
for detecting a rich air-fuel ratio peak voltage and a lean
air-fuel ratio peak voltage and obtaining the intermedi-
ate voltage therebetween, a bias control circuit respon-
sive to the value of the intermediate voltage so as to
adjust the current control amount of the current control

circutt, and a comparator responsive to the junction
point voltage and the value of the intermediate voltage
SO as to generate an air-fuel ratio detection signal. Alter-
natively, the average value of the rich side peak voltage
and the ground voltage or the average value of the lean
side peak voltage and the supply voltage may be used as

- the desired intermediate voltage.

7 Claims, 5 Drawing Figures
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1
AIR-FUEL RATIO DETECT ING SYSTEM

BACKGROUND OF THE INVENTION

The present invention relates to air-fuel ratio detect-
ing systems, and more particularly the invention relates
to a system for detecting the air-fuel ratio of an engine
from the composition of its exhaust gases.

Air-fuel ratio detecting systems have heretofore been
proposed which, as shown for example in U.S. Applica-
tion Ser. No. 018,776 entitled “Air-Fuel Ratio Detect-
ing System” filed in the names of Hattori, et al on Mar.
8, 1979, comprises an air-fuel ratio sensor comprising
mainly of a metal oxide semiconductor such as titania
(TiO;) which senses the air-fuel ratio A/F from the 1
exhaust gas component, such as, the concentration of
oxygen in the exhaust gases of an engme and whose
electric resistance value varies in dependence on the
oxygen concentration, fixed dividing resistors con-
nected to the air-fuel ratio sensor, and a comparator
circuit for comparing the voltage at the junction of the
sensor and the resistors with a predetermined reference
voltage so as to determine whether the air-fuel ratio
A/F is greater or smaller than the stoichiometric air-
fuel ratio. |
- However, this type of known system is disadvanta-
geous in that since the dividing resistors are set to fixed
values, in dependence on the operating temperature and

aging the electric resistance value Re characteristic of

the air-fuel ratio sensor changes (or shifts) on the whole
as, for example, from the curve X to the curve Y 1n
FIG. 1, thus deteriorating the detection accuracy of

air-fuel ratio A/F and increasing the tendency to cause
erroneous detection.

SUMMARY OF THE INVENTION

With a view to overcoming the foregoing deficien-
cies in the prior art, it is an object of the present inven-
tion to provide an improved air-fuel ratio detecting
system capable of accurately detecting the air-fuel ratio
of an engine irrespective of the operating temperature
and aging of its air-fuel ratio sensor.

It is another object of the present invention to pro-
vide such air-fuel ratio detecting system in which an
‘air-fuel ratio sensor is connected, for example, to a tran-
sistor current control circuit in place of the fixed divid-
ing resistors connected in series with the sensor,
whereby the voltage at the junction point of the air-fuel
ratio sensor and the current control circuit is detected in
either one or both of the rich and lean ranges of air-fuel
ratios to obtain the intermediate value between the
detected peak value and the supply voltage or the
ground voltage or the intermediate value between the
detected rich and lean peak values and thereby to con-
trol the equivalent resistance value of the current con-
trol circuit connected to the air-fuel ratio sensor in
accordance with the intermediate value, and 1n accor-
dance with the voltage at the junction point of the air-
fuel ratio sensor and the current control circuit and the
intermediate voltage a comparator circuit detects
whether the air-fuel ratio is greater or smaller than the
stoichiometric air-fuel ratio, thus preventing deteriora-
tion in the accuracy of air-fuel ratio detection and oc-
currence of erroneous detection.

It is still another-object of the invention to provide
such air-fuel ratio detecting system so designed that
during the initial period, such as, the period immedi-
ately after the engine start where the exhaust gas tem-
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perature and the air-fuel ratio sensor temperature are
relatively low and the electric resistance value Re of the
air-fuel ratio sensor is high, the current control circuit is
controlled in accordance with a predetermined set volt-
age which is also used as the comparison voltage of the
comparator circuit, thus initiating the air-fuel ratio de-
tecting operation satisfactorily.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing an electric resistance value
characteristic of an air-fuel ratio sensor.

FIG. 2 is a schematic block diagram of a system in-
corporating the present invention.

FIG. 3 1s a sectional view of the air-fuel ratio sensor
> shown in FIG. 2.

FIG. 4 is a circuit diagram showing an embodiment
of the present invention.

FIG. 5 shows the signal waveforms generated at
various points in FIG. 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present invention will now be described in
greater detail with reference to the illustrated embodi-
ment. |

Referring to FIG. 2 showing a system incorporating
the present invention, an engine 10 is a known type of
spark ignition engine which uses gasoline, LPG or the
like as its fuel and it includes an intake system consisting
of an air cleaner 11, an air-fuel mixture supply unit 12
and an intake manifold 13 and an exhaust system con-
sisting of an exhaust manifold 14, an exhaust pipe 15, an
exhaust gas purifying three-way catalytic converter 16
and a silencing muffier which is not shown.

The mixture supply unit 12 comprises a carburetor or
a fuel injection system including a known type of air-
fuel ratio adjusting means and it changes the air-fuel
ratio of the produced air-fuel mixture (in the intake
system) in accordance with the input electric signal.
The three-way catalytic converter 16 is capable of si-
multaneously removing NOx, HC and CO components
of exhaust gases with a high purification efficiency
when a mixture of near the stoichiometric air-fuel ratio
is supplied to the engine and it includes a2 known type of
pellet or honeycomb catalyst.

The air-fuel ratio detecting system comprises an atr-
fuel ratio sensor 20 disposed in the joining portion of the
exhaust manifold 14 and a control unit 30 for applying
an electric signal to the air-fuel ratio sensor 20 and the
mixture supply unit 12, respectively.

The air-fuel ratio sensor 20 is constructed as shown in
FIG. 3. In the Figure, a disk type sensing element 22 has
an electric resistance value which varies in a step fash-
ion in response to the composition, particularly the
concentration of oxygen in the exhaust gases and it
consists of a semiconductor of such metal oxide as tita-
nia (TiO;) whose surface is covered with a catalyst such
as platinum (Pt) or rhodium (Rh). The sensing element
22 is supported on the forward end of a heat resisting
and electrically insulating support 23 made of a sintered
alumina or the like. A heat resisting metal housing 24 is
attached to the support 23, and the sensor 20 1s mounted
to the exhaust manifold 14 by the threaded portion of
the housing 24.

Inserted into the sensing element 22 are a pair of
platinum electrodes 25 which are disposed inside the
support 23 and each of the electrodes 25 is electrically



4,344,317

3

connected to a terminal rod 26 by way of a conductive
glass. The electric resistance value of the sensing ele-
ment 22 is taken out through the terminal rods 26.

As shown in FIG. 1, the electric resistance value Re
of the air-fuel ratio sensor 20 varies with the air-fuel
ratio A/F of the mixture so that when the air-fuel ratio
A/F is greater than the stoichiometric air-fuel ratio ST
(or on the lean side), the resistance value Re changes to
a lean resistance value L, whereas when the A/F is
smaller than the stoichiometric air-fuel ratio ST (or on
the rich side), the resistance value Re changes to a rich
resistance value R. Also, this electric resistance value
characteristic varies (or shifts) on the whole in depen-
dence on the operating temperature and aging of the
sensor, so that in the case of a new sensor operated at a
low temperature its characteristic becomes as shown by
the curve X in FIG. 1, and the curve Y in FIG. 1 corre-
sponds to that of a new sensor operated at a high tem-
perature or that of one subjected to aging.

Next, the control unit 30 will be described with refer-
ence to FIG. 4. A voltage regulator circuit 31 supplies
a constant DC voltage Vp. A current control circuit 32
comprises a current limiting resistor 101 and a transistor
102. The collector terminal of the transistor 102 is con-
nected to the air-fuel ratio sensor 20 whose other end is
grounded. The junction point A of the air-fuel ratio
sensor 20 and the transistor 202 is connected to an inter-
mediate level detecting circuit 33.

The intermediate level detecting circuit or average
voltage generating means 33 comprises a capacitor 106 30

adapted to be charged through a buffer amplifier 103
which 1s connected in a voltage follower arrangement,
a diode 104 and a resistor 105, a rich peak detecting
circuit including a discharge resistor 107 and another
buffer amplifier 108, a lean peak detecting circuit in-

cluding a diode 109, resistors 110 and 112, a capacitor
111 and a buffer circuit 113, and resistors 114 and 115

connecting the outputs of the peak detecting circuits.
The intermediate value between the peak values is de-

livered from the junction point C of the resistors 114 40

and 115. A bias control circuit 34 is designed so that the
previously mentioned intermediate voltage and the
voltage at a point B derived by dividing the constant
voltage Vp through resistors 121 and 122 or a preset
voltage are respectively coupled through diodes 120
and 123 to a point D through which lower one of the
voltages is delivered. The circuit is also connected to
the power supply through resistors 124 and 125 and the
junction point of the resistors 124 and 125 is connected
to the base of the transistor 102 in the current control
circuit 32. A comparator circuit 35 comprises a compar-
ator 130, whereby the output of the buffer amplifier 103
which is equal to the voltage at the junction point of the
air-fuel ratio sensor 20 and the transistor 102, is com-
pared with the voltage at the point D and the resulting
A/F detection signal is generated at a point E.

With the construction described above, the operation
of the air-fuel ratio detecting system wil now be de-
scribed with reference to FIG. 5. When the exhaust gas
temperature 1s gradually increased, the voltage at the
junction point A of the air-fuel ratio sensor 20 and the
transistor 102 and the voltages at the points B, C and E
vary as shown in (a) and (b) of FIG. 5. When the ex-
haust gas temperature is very low (as during the period
just after the engine start), the electric resistance value
of the air-fuel ratio sensor 20 is so high that the voltage
V4 at the point A is substantially equal to the supply
voitage Vp. As the exhaust gas temperature rises gradu-
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ally so that the temperature of the air-fuel ratio 20 also
rises, even if the oxygen concentration of the atmo-
sphere remains unchanged, the electric resistance value
of the air-fuel ratio sensor 20 decreases gradually so that
the voltage V 4 at the point A starts to decrease. At this
time, the voltage V cat the point C has a value which is
substantially equal to the voltage V 4 at the point A and
hence higher than the voltage Vp at the point B which
is predetermined by the resistors 121 and 122. As a
result, the voltage V gat the point B appears at the point
D as the bias control voltage for the transistor 102 and
as the comparison voltage of the comparator 130.

In other words, until the voltage V¢ at the point C
becomes lower than the voltage Vg at the point B, the
base voltage of the transistor 102 is maintained constant
thus practically holding it in the off state and the com-
parison voltage of the comparator 130 is also held con-
stant. When the exhaust gas temperature rises further so
that the voltage V4 at the point A becomes lower than
the voltage V pat the point B or the comparison voltage,
the output of the comparator 130 changes from a *“0”
level to a “1” level and an A/F detection signal Vg is
generated at the point E. As a result, the mixture supply
unit 12 initiates the air-fuel ratio control. After the air-
fuel ratio control has been initiated, if the exhaust gas
temperature is still relatively low and if the mixture is
rich, the resistance value of the air-fuel ratio sensor 20 is
about the same with the resistance across the emitter
and collector of the transistor 102 so that the rich peak
value (the minimum peak value) is not allowed to de-
crease to the ground level and thus the point-A voltage
V 4 varies 1n the vicinity of the supply voltage Vp. As a
result, the intermediate voltage V¢ is also higher than
the point-B voltage Vg and this voltage Vg is still used
as the bias control voltage for the transistor 102 and as
the comparison voltage of the comparator 130.

As the exhaust gas temperature rises still further so
that the rich peak value of the point-A voltage V 4 de-
creases but the lean peak value is still near the supply
voltage, the intermediate voltage V cbetween the peaks
becomes lower than the point-B voltage V g and conse-
quently the voltage V¢ at the point C is used as the bias
control voltage for the transistor 103 and as the compar-
1son voltage of the comparator 130. The base voltage of
the transistor 102 is decreased as compared with that
obtained when the bias of the transistor 102 was con-
trolled by the point-B voltage Vg, so that the emitter
current of the transistor 102 is increased and the collec-
tor-emitter resistance is decreased, thus increasing the
current flowing to the air-fuel ratio sensor 20. In this
way, by decreasing the equivalent resistance of the
transistor 102 connected to the air-fuel ratio sensor 20 in
response to a decrease in the resistance value of the
sensor 20 with an increase in the exhaust gas tempera-
ture, 1t 1s possible to cause the point-A voltage V4 to
always vary considerably in dependence on the rich and
lean air-fuel ratios.

Of the circuits described so far, the intermediate level
detecting circuit 33 may be caused to obtain an interme-
diate voltage between a rich peak voltage and the sup-
ply voltage or between a lean peak value and the supply
voltage instead of obtaining an intermediate level be-
tween rich and lean peak values. |

The foregoing description has included no reference
to the forward voltage of the diodes since their effects
on the voltages at the points A to D are not significant.

Thus, irrespective of the overall shifting in the elec-
tric resistance value Re of the air-fuel ratio sensor 20
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due to the operating temperature, etc., in accordance
with a “0” level A/F detection signal generated from

the comparator circuit 35 it is accurately determined -

that the air-fuel ratio A/F is greater than the stoichio-
metric air-fuel ratio ST, and in accordance with a “1”
level A/F detection signal it is determined the the air-
fuel ratio A/F i 1s smaller than the stclchlcmetrlc air-fuel
ratio ST.

The A/F detection signal is apphed to the mixture
supply unit 12 through a drive circuit which is not
shown, so that when the signal is a “0” level signal, the
air-fuel ratio adjusting means of the mixture supply unit
12 enriches the mixture so as to decrease the air-fuel
ratio A/F and thereby to cause the same to approach
the stoichiometric air-fuel ratio ST.

On the other hand, when the A/F detection signal is

a “1” level signal, the air-fuel ratio adjusting means of
the mixture supply unit 12 decreases the richness of the
mixture so as to increase the air-fuel ratio A/F and
thereby to cause the same to approach the stoichiomet-
ric air-fuel ratio ST. |

In this way, the air-fuel ratio A/F is always -con-
trolled at the stoichiometric air-fuel ratio ST and thus
the three-way catalytic converter 16 removes NOx, HC
and CO components of the exhaust gases with a high
punficatlcn efficiency.

While, in accordance with the abcvc-descnbed em-
bodiment, the present invention is incorporated in the
system for controlling the air-fuel ratio A/F of the
mixture in the intake system of an engine, the invention
may be incorporated in a so-called exhaust system A/F
control system for controlling the amount of secondary
air supplied to the exhaust system of an engine by means
of the air-fuel ratio sensor 20.

Further, while, in the above-described embodiment,
the air-fuel ratio sensor and the current ccntrolllng
transistor are arranged so that the transistor is con-
nected to the power supply and the sensor is connected
to the ground, their connections may be reversed SO
that the air-fuel ratio sensor is connected to the power
supply and the transistor is connected to the grcund In
this case, where the exhaust gas temperature is very low
as during the period immediately follcwmg the engine
start, the voltage at their junction point becomes very
low in contrast to the previously descrlbed embodi-
ment.

It will thus be seen from the foregoing description
that the present invention has a great advantage that
even if the electric resistance characteristic of an air-
fuel ratio sensor changes due to its operating tempera-
ture, aging, etc., the detection of air-fuel ratios can be
accomplished w1th a high degree of accuracy, and par-
ticularly when the detection of air-fuel ratios is started
under low exhaust gas temperature conditions, the cur-
rent control circuit is regulated in accordance with a
predetermined set value and this set value is also used as
the comparison voltage of the comparator, thus satisfac-
tory initiating the air-fuel ratio detection.

We claim:

1. An air-fuel ratio detecting system for internal com-
bustion engines comprising:

an air-fuel sensor for sensing the composition of ex-

haust gases from an engine to determine the ratio of
air to fuel, said sensor having an electric resistance
value varying in accordance with said air-fuel ra-
tio;

a current control circuit for controlling the operating

current of said air-fuel ratio sensor:
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6

means for producing an average voltage of a varying
voltage at a junction point of said air-fuel ratio
sensor and said current control circuit;

a bias control circuit responsive to the value of said
average voltage to adjust a current control amount
of said current control circuit; and

‘a comparison circuit for producing an air-fuel ratio
detection signal in accordance with the voltage at

* said junction point and the value of said average
voltage, wherein said average voltage generating
means includes means for detecting a rich peak
value means for detecting a lean peak voltage, and
means for generating a voltage intermediate be-
tween said peak voltages.

2. A system according to claim 1, wherein said bias

control circuit includes:

means for generating a constant voltage, and

means for selecting one of said average voltage and
said constant voltage to apply the selected voltage
to said current control circuit and said comparison
circuit.

3. An air-fuel ratio detecting system for internal com-

bustion engines comprising:

an air-fuel ratio sensor for sensing the composition of
exhaust gases from an engine to determine the ratio
of air to fuel, said sensor having an electric resis-
tance value varying in accordance with said air-
fuel ratio;

a current control circuit for controlling the operating
current of said air-fuel ratio sensor;

means for producing an average voltage of a varying
voltage at a junction point of said air-fuel ratio
sensor and said current control circuit;

a bias control circuit responsive to the value of said
average voltage to adjust a current control amount
of said current control circuit: and

a comparison circuit for producing an air-fuel ratio
detection signal in accordance with the voltage at
said junction point and the value of said average
voltage, wherein said average voltage generating
means includes means for detecting a rich peak
voltage, and means for generating a voltage inter-
mediate between said detected peak voltage and a
ground voltage.

4. An air-fuel ratio detecting system for internal com-

bustion engines comprising:

an air-fuel ratio sensor for sensing the composition of
exhaust gases from an engine to determine the ratio
of air to fuel, said sensor having an electic resis-
tance value varying in accordance with said air-
fuel ratio;

a current control circuit for controlling the operating
current of said air-fuel ratio sensor:

means for producing an average voltage of a varying
voltage at a junction point of said air-fuel ratio
sensor and said current control circuit;

a bias control circuit responsive to the value of said
average voltage to adjust a current control amount
of said current control circuit: and

a comparison circuit for producing an air-fuel ratio
detection signal in accordance with the voltage at
said junction point and the value of said average
voltage, wherein said average voltage generating
means includes means for generating a lean peak
voltage, and means for generating a voltage inter-
mediate between said detected peak voltage and a
power supply voltage.
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5. An alr-fuel ratio detecting system for 1nternal com-

bustion engines comprising: '

an air-fuel ratio sensor for sensmg the CDIIIpOSlthIl of -
exhaust gases from an engine to determine the ratio
of air to fuel, said sensor having an electric resis-
tance value varying in accordance with said air-
fuel ratio; |

a current control cu‘cmt for controlhng the: Operatmg
current. of said air-fuel ratio sensor; |

means for producing an average voltage of a varying
voltage at a junction point of said air-fuel ratio
sensor and said current control circuit; -

a bias control circuit responsive to the value of said
average voltage to adjust a current control amount
of said current control circuit; and |

a comparison circuit for producing an air-fuel ratio
- detecting signal in accordance with the voltage at
said junction point and the value of said average
voltage, wherein when the voltage at said junction
point of said air-fuel ratio sensor and said current
control circuit is within a predetermined range of
voltages, said bias control circuit adjusts the cur-
rent control amount of said current control circuit
in accordance with a predetermined set voltage,
and said comparison circuit compares said junction
point voltage with said set voltage to gernerate said
air-fuel ratio detection signal.

6. An air-fuel ratio detectmg system: for internal com-

bustion engines comprising:

an air-fuel ratio sensor for sensing the composition of
exhaust gases from an engine to determine the ratio
of air to fuel, said sensor having an electric resis-
tance value varying in accordance with said air-
fuel ratio; | |
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- acurrent control circuit for controlling the operating

- current of said air-fuel ratio sensor;

means for producing an average voltage of a varying

Voltage at a junction point of said air-fuel ratio
sensor and said current control circuit;

a bias control circuit responsive to the value of said
' average voltage to adjust a current control amount

of said current control circuit; and

~ 'a comparison circuit for producing an air-fuel ratio
10

detection signal in accordance with the voltage at
said junction point and the value of said average
voltage wherein said average voltage generatlng-
means includes:

- a voltage-follower buffer amplifier connected to said

junction pomt of said sensor and said current con-
trol circuit;

rich peak voltage detecting means including a first
charging and discharging circuit connected to an
output of said voltage-follower amplifier through a
first-direction diode, and a first buffer amplifier
connected to said first charging and discharging -
circuit;

lean peak voltage detecting means including a second

~ charging ane discharging circuit connected to the
output of said voltage-follower amplifier through a
second-direction diode, and a second buffer ampli-
fier connected to said second charging and dis-
charging circuit; and

‘means for mterconnectlng said first and second buffer
- amplifiers to generate said average voltage, and

wherein said bias control means includes means for
controlling said current control circuit in accor-
dance with a predetermined reference voltage and
said average voltage.

7. A system accordlng to any one of claims 1 to 6,

wherein sald sensor is comprised of titania.
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